A group of nodule isolates from Neptunia natans, an indigenous stemnodulated tropical legume found in waterlogged areas of Senegal, was studied. Polyphasic taxonomy was performed, including SDS-PAGE of total proteins, auxanography using API galleries, host-plant specificity, PCR-RFLP of the internal transcribed spacer region between the 165 and the 235 rRNA coding genes, 16s rRNA gene sequencing and DNA-DNA hybridization. It was demonstrated that this group is phenotypically and phylogenetically separate f rom the known species of Rhizobium, Sinorhizobium, Mesorhizobium, Agrobacterium, Bradyrhizobium and Azorhizobium. Its closest phylogenetic neighbour, as deduced by 16s rRNA gene sequencing, is Agrobacterium vitis (96.2 YO sequence homology). The name Allorhizobium undicola gen. nov., sp. nov., is proposed for this group of bacteria, which are capable of efficient nitrogen-fixing symbiosis with Neptunia natans, and the type strain is ORS 992T (= LMG 11875').
INTRODUCTION
Neptuniu natans L.f. (Druce) , previously Neptunia oleraceu Lour., McVaugh 1987 (Subba Rao et al., 1995 , is an annual aquatic legume that is indigenous to waterlogged areas of Senegal. N . natans produces floating stems and roots containing white, spongy, internodal tissue and nodes with bright-red nodules and adventitious roots (Allen & Allen, 1981 ; Schaede, 1940) . The mode of root infection of N . natans (Subba Rao et al., 1995) is similar in many respects to that of other tropical legumes, such as Aeschynomene americana (Napoli et al., 1975) , Neptuniaplena (James et al., 1992) and Sesbania rostrata (Ndoye et al., 1994 The EMBL accession number for the 165 rRNA gene sequence of strain LMG 11875 reported in this paper is Y17047.
Bacteria enter natural wounds caused by splitting of the epidermis and emergence of young lateral roots. Bacteria spread first intercellularly, then through intercellular infection threads towards the meristematic cells of the nodule (Schaede, 1940) . The vascular bundles of the nodules are connected to the vasculature of the adventitious roots and not to that of the stem, indicating that they are root nodules rather than true stem nodules (Schaede, 1940 ; James et al., 1992 ; Subba Rao et al., 1995) . N . natans is being evaluated as green manure for rice cultivation in India and is consumed in South-East Asia (Subba Rao et al., 1995) . N . natans nodule bacterial isolates have been reported to induce small, white ineffective nodules on Medicago sativa and Ornithopus spp. (Subba Rao et al., 1995) but not on roots of Cicer arietinum, Lupinus albus, Lupinus angust ifolius, Vicia faba, Trifolium subterraneum, Glycine mux and Mucroptilium atropurpureum. N . natans was recently reported to be nodulated by Mesorhizobium plurifarium strains isolated from Acacia (de Lajudie et al., 1998) . N . natans nodule isolates have been reported to be fast growers (Dreyfus et al., 1984) but have not yet been taxonomically characterized.
P. de Lajudie and others
Phylogenetically, rhizobia belong in the alpha-2 subclass of the Proteobacteria (Stackebrandt et al., 1988 ; Sawada et al., 1993; Willems & Collins, 1993; Yanagi & Yamasato, 1993; Young, 1991) , and several genera have been recognized, i.e. Rhizobium, Bradyrhizobium, Azorh izo bium, Sin orh izo bium and Mesorh izo b ium (for a review see Young & Haukka, 1996) . Polyphasic taxonomy has revealed that members of the genus Rhizohiurn are phylogenetically intertwined with members of the genus Agrobacterium, to which they are more closely related than to Azorhizobium and Brudyrhizobium (Sawada et al., 1993; Willems & Collins, 1993 ; Yanagi & Yamasato, 1993) . In Agrobacterium, the original species (Agrobacterium tumefaciens, Agrobacterium radiobacter and Agrobacterium rhizogenes) were created on the basis of their phytopathogenic properties, which are mainly governed by plasmidborne genes and do not correlate with the taxa found by polyphasic taxonomy (Kersters & De Ley, 1984) . For nomenclatural reasons, Agrobacterium tumefaciens must be retained as the type species of Agrobacterium. Consequently, no definite renaming of the species was proposed by Kersters & De Ley (1984) , although a temporary division into four groups was suggested, reflecting the polyphasic results. Agrobacterium bv. 1 (containing the type strains of Agrobacterium tumefaciens and Agrobacterium radiobacter) constitutes the first group, Agrobacterium bv. 2 including the type strain of Agrobacterium rhizogenes constitutes a second group and a third taxon corresponds to the species Agrobacterium vitis ; Agrobucterium rubi was considered to have a separate position and represents the fourth group. Later, comparison of the sequences of the 16s rRNA genes (Sawada et al., 1993; Willems & Collins, 1993; Yanagi & Yamasato, 1993) revealed four phylogenetic sublineages on the Agrobacteriun-Rhizobium branch : (i) a first sublineage contains Agrobacterium bv. 1, Agrobacterium rubi and Agrobacterium vitis; Rhizobium gaiegae and the recently proposed new species Rhizobium giardinii (Amarger et al., 1997 ) also belong to this sublineage but have somewhat separate positions ; (ii) a second phylogenetic sublineage contains Rhizobium leguminosarum (type species of Rhizobium), Rhizobium tropici, Rhizobium etli, Agrobacterium bv. 2 and a recently proposed new species, Rhizobium gallicum (Amarger et a/., 1997); (iii) a third sublineage was considered sufficiently different to deserve a separate genus status, for which the name Sin orh izo b ium had priority . Sin orh izo b ium contains Sin o rh izo b ium me lilo ti, Sino r h izo b ium fredii, Sino r h izo bium xinjiangense, Sinorh izobium terangae, Sinorhizobium saheli (de Lajudie et al., 1994 ; Truper & de' Clari, 1997) and Sinorhizobium medicae (Rome et al., 1996) ; (iv) the fourth sublineage consists of species recently transferred in the new genus Mesorhizobium (Jarvis et al., 1997) , namely Mesorhizobium loti, Mesorhizobium huakuii, Mesorhizobium ciceri, Mesorh izobium t ianshanense, Mesorh izo bium mediterraneum (Jarvis et al., 1997) and Mesorhizobium plurifarium (de Lajudie et al., 1998).
Following the proposition of Sawada et a/. (1993) to name Agrobacterium bv. 1 strains and Agrobacterium bv. 2 strains Agrobacterium radiobacter and Agrobacterium rhizogenes respectively, Bouzar (1 994) requested a Judicial Opinion to decide whether Agrobacterium radiobacter or Agrobacterium tumefaciem should be the type species of Agrobacterium. Because this decision is still pending, we use here the nomenclature proposed by Kersters & De Ley (1984) . Here we study a new group of fast-growing rhizobia isolated from N . natuns nodules collected in Dakar and in the Sine Saloum region of Senegal, where this plant grows naturally. We performed whole-cell protein analysis by SDS-PAGE, PCR-RFLP of the internal transcribed spacer (ITS) region between 16s and 23s rRNA genes, 16s rRNA gene sequencing, DNA-DNA hybridizations, and auxanographic tests using API 50 galleries. Based on the findings of this polyphasic study, we conclude that this group of rhizobia belongs to the Agrobacterium rRNA sublineage, with Agrobacterium vitis as its closest phylogenetic neighbour, and deserves a separate genus and species status, for which the name Allorhizobium undicola, gen. nov., sp. nov., is proposed.
METHODS
Bacterial strains. Rhizobium strains were isolated as previously described (de Lajudie et a/., 1994) from naturally occurring nodules on adventitious roots of N . natans. All strains used are listed in Table 1 . They were checked for purity by repeated streaking and by microscopical examination. The identity of the nodulating strains was verified by plant infection tests on the original host plants. We included type or representative strains of the different Rh izo b ium , Brady r h izo biurn, A zo r h izoh ium , Meso r h izo biunz , Sinorhizobium and Agrobacteriunz species. Mycoplana, Ochrobactrum and Phyllobacterium representatives were included in the auxanographic tests.
Growth and culture conditions. All Rhizobium and Bradyrhizobium strains were maintained on yeast mannitol agar (YMA), containing (g 1-l): mannitol, 10; sodium glutamate, 0.5; K,HPO,, 0.5; MgSO, . 7H, O, 0.2; NaC1, 0.05; CaCl, , 0.04; FeCl, , 0.004; yeast extract (Difco) , 1 ; agar, 20; pH 6.8. Azorhizobium and Agrobacterium strains were maintained on yeast extract peptone medium (YEB) containing in g 1-I of 0.01 M phosphate buffer, pH 7-2: peptone (Oxoid), 5 ; yeast extract (Oxoid), 1 ; beef extract (Oxoid), 5 ; sucrose, 5 and MgSO, .7H,O, 0.592. All strains were stored at -80 "C on the same medium plus 15 YO (v/v) 
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as follows: Acacia senegal, 14; Acacia seyal, 30; Acacia tortilis subsp. raddiana, 150; Sesbania rostrata, 30-60 ; Sesbania pubescens, 60; Sesbania grandflora, 60 ; Neptunia natans, 30 ; Medicago sativa, 25 ; Macroptilium atropurpureuni (Siratro), 3. For Vigna unguiculata (niebe), seeds were left for 3 min in 96 % alcohol followed by 5 min in 1 % HgCl,. After acid or HgC1, treatment, the seeds were washed with water until all traces of acid or HgC1, were removed.
The seeds were incubated in sterile Petri dishes on 1 % water agar for 2 4 4 8 h to allow germination and then transferred to tubes containing Jensen seedling slant agar (Vincent, 1970) for root nodulation trials (8-10 plants were routinely tested with each strain). Root nodules appeared around 10-20 d after inoculation, and 3 weeks later they were fully developed. Nitrogen-fixing potential was estimated by visual observation of plant vigour and foliage colour of 30-to 45-P. de Lajudie and others d-old plants and also by measuring the fresh and dry weights of aerial parts ; infected plants were compared with control uninoculated plants.
PAGE of total bacterial proteins. PAGE was performed using small modifications of the procedure of Laemmli (1970), as described previously (de Lajudie et al., 1994) . The normalized densitometric traces of the protein electrophoretic patterns were grouped by numerical analysis, using the GelCompar 2.2 software package (Vauterin & Vauterin, 1992) . Similarity between pairs of traces was expressed by the Pearson product-moment correlation coefficient (r) converted for convenience to a percentage value (Pot et al., 1989 .
PCR-RFLP of the ITS of 165-235 rRNA genes. Strains were grown at 28 "C for 3 6 4 8 h on YMA, according to the method of Vincent (1970) . Total DNA was purified with Chelex 100 (Sigma). Cells resuspended in a 5 YO suspension of Chelex 100 were boiled for 15 min. After centrifugation, the supernatant was used directly for PCR amplification. For strains for which the above procedure did not result in optimum DNA amplification, total DNA was purified using the phenokhloroform method as described by Boucher et al. (1987) . Primers FGPL 132'-38 and FGPS 1490-72, as described by Normand et al. (1996) , were used for PCR amplification. These primers are derived from conserved regions of the 23s and 16s rRNA genes, respectively, and can be used to amplify the ITS of all prokaryotic DNAs tested so far. The oligonucleotides were purchased from Pharmacia. PCR amplification was carried out in a 100 yl reaction volume containing template DNA (50 yg), reaction buffer (Appligene), 20 mM of each dNTP (Pharmacia), 0.1 mM of each of the primers and 1 U Tag polymerase (Appligene). Amplifications were carried out in a GeneAmp PCR System 2400 (Perkin Elmer) using the following programme: initial denaturation for 5 min at 94 OC, 35 cycles of denaturation (30 s at 94 "C), annealing (30 s at 55 "C) and extension (1 min at 72 "C) and a final extension ( 5 min at 72 "C). PCR-amplified DNAs were visualized by electrophoresis of 4 pl of the amplified mixture on 1.4% (w/v) horizontal agarose gel (type 11 ; Sigma) in TBE buffer (83 mM Tris base, 89 mM boric acid, 2 mM EDTA, pH 8.0) at 4 V cm for 1 h. The gels were stained in an aqueous solution of 1 mg ethidium bromide 1-1 and photographed with Polaroid Type 667 positive film using a 260 nm UV source.
Aliquots of 6 yl of PCR products were digested in a 10 pl final volume with restriction endonucleases as specified by the manufacturer but with an excess of enzyme ( 5 U per reaction). The following enzymes were used: A h I, Dde I, Hinf I, Pal I (Pharmacia), Cfo I (Boehringer Mannheim), Msp I (Gibco-BRL), Rsa I (Amersham or Gibco-BRL). Restricted DNA was analysed by horizontal electrophoresis in 3 '10 (w/v) agarose gel (Nusieve 3: 1 ; FMC). Electrophoresis was run at 2.3 V cm-' for 3 h. Gels were stained and photographed as described previously.
Clustering was obtained using the Gelcornpar 2.2 software package (Vauterin & Vauterin, 1992) .
DNA base composition. Cells were grown for 2-3 d in Roux flasks on TY medium. High-molecular-mass DNA was prepared using the method of Marmur (1961) . The G + C content was determined by thermal denaturation (De Ley, 1970) Lawson et al. (1989) . A large fragment of the 16s rRNA gene (corresponding to positions 28-1521 of the Escherichia coli 16s rRNA gene) was amplified by PCR. The PCR products were purified using a Prep-A-Gene kit (BioRad) and sequenced using a Tag DyeDeoxy Terminator Cycle Sequencing Kit (Applied Biosystems) and an automatic DNA sequencer (model 373A; Applied Biosystems).
The new sequence was aligned, together with reference sequences obtained from the EMBL database, using the program PILEUP of the Genetics Computer Group package (Devereux et al., 1984) . Altogether a continuous stretch of 1348 base positions (including gaps) was used for further analysis. This corresponded to positions 84-1480 of the Escherichia coli 16s rRNA gene. Distances, modified according to the Kimura-2 model, were calculated using the DNADIST program of the Phylogeny Inference Package (Felsenstein, 1982) , and the program NEIGHBOR of the same package was used to produce an unrooted phylogenetic tree. The stability of the groupings was verified by bootstrap analysis (500 replications) using the programs DNABOOT, DNADIST, NEIGHBOR and CONSENSE (Felsenstein, 1982) . Uncorrected distances were calculated using the DISTANCES program of the GCG package and used to calculate similarity values.
Auxanographic tests. API galleries (API 50CH, API 50AO and APL 50AA; bioM6rieux) were used to test the assimilation of 147 organic compounds as sole carbon sources, and the results of auxanographic tests were scored as described previously (de Lajudie et al., 1994) . 
RESULTS
Six isolates were purified from root nodules collected either on N . natans plants growing naturally in waterlogged areas around the town of Kaolack in the Sine Saloum region of Senegal or on N . natans plants seeded in our experimental field at Dakar-Be1 Air in Senegal.
Host specificity
The six Neptunia isolates induced nodules on their original host, resulting in a very efficient nitrogenfixing symbiosis. They were also found to be effective on Acacia species (Acacia tortilis subsp. raddiuna, A cue ia senegal, A cacia sey al) , Fa id herb ia alb ida , and some strains were effective on Lotus arabicus, but ineffective on Medicago sativa, Sesbania species (Sesbania rostrata, Sesbania pubescens, Sesbania gran- 
SDS-PAGE of total bacterial proteins
We purified whole-cell proteins from the N . natcins isolates, performed SDS-PAGE in standardized conditions (de Lajudie et al., 1994) and compared the normalized patterns (Vauterin & Vauterin, 1992) with those in our database, which contains profiles of strains of different species of Rhizobium, Sinorhizobiunz, Mesorh izob iurn, Agro bac terium and A zorh izobium . Sinorhizobium terangae, Sinorhizobium saheli, Siizor h izo b ium f r edii, Sin o r h izo h ium me lil o ti, Sin o r h iz o b i iim medicae, Rh izobium leg urn irzosar urn, Rh izo hium tropici, Rhizobiurn galegae, Azorhizobium cnulinodnrzs, Mesorhizobium plur farium, Mesorhizobiurn cicer i, Mesorhizobiurn sp. (Cicer) formed separate clusters. This is illustrated in Fig. 1 , which presents a limited dendrogram with a few representatives of the different species. Only one strain each of Mestwhizohiiirn huakuii, Mesorhizobiunz mediterraneum, Agrohiicterium bv. 2, Agrobacterium vitis and Agrobacterium rubi were included, and these each had separate positions. Strains of Agrobacterium bv. 1 exhibited diverse protein patterns and could be grouped into two different clusters, as observed previously (de Lajudie et al., 1998) . The strains of Mesorhizobium loti did not group together and were found to fall into three clusters. The six N . natnns isolates were related with a correlation coefficient of 92% and formed a rather homogeneous gel electrophoretic cluster, distinct from all described species and clusters contained in our database. The highest correlation coefficient between the cluster of Neptunia strains and the other rhizobial species and groups was 70 YO.
PCR-RFLP of the ITS
We performed PCR-RFLP analysis of the ITS region between the16S and 23s rRNA genes of the Neptunia strains and some representative strains of rhizobial species of R h iz o b ium , Sin o r h izo b ium , Mesorh iz o b ium and Agrohiicterium. The size of the amplified ITS fragment varied from 1000 to 1450 bp depending on strains anti was 1380-1 390 bp for the Neptunia isolates.
The results of RFLP analysis are shown in Fig. 2 
Analysis of the 165 rRNA genes
The determined sequence of the 16s rRNA gene of strain LMG 11875 consisted of 1433 bases. A search in the EMBL database revealed the new sequence to be most similar to the 16s rRNA gene sequence of Agrobactt,rium vitis, thereby placing the new isolates in the Rhizc,hiuni-Agrobat.tc.rium group of the alpha subclass of the Proteohucteria. A dendrogram showing the phylogenetic relationships of strain LMG 11875 and reprcsentatives of the alpha subclass of the Proteohcic tuiii is shown in Fig. 3 .
Numerical analysis of auxanographic results
The six h eptunia isolates were tested for assimilation of 147 organic compounds as sole carbon source using the API 50 system, and the results were compared with those of representative strains of Sinorhizohium fredii, Sin o rli iz oh iunz me 1 ilo ti, Sin0 r h izo b ium t er angae , Sin orliizohiui77 saheli, Mesorhizohium loti, Mesorhizobium h uak uii. Mesorh izo b iuni plur f a r ium, Rh izob ium Iegum in osar ui 11, Rh izo h iuni t ropici, R h izobium galegae,
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~~ Agro bac ter ium rh izogenes, Agro bac t er ium tumg f aciens, Agrobacteriunz vitis, Agrobacterium rubi, Azorhizohium caulinodans, Ochrobactrum, Phyllohacterium and MJJcoplana available in our database (de Lajudie et al., 1994) . The dendrogram obtained by numerical analysis of these results (Fig. 4) showed that the Neptunia strains formed a very homogeneous group distinct from every other species. They were related to Agrobacterium vitis at a correlation coefficient of 0.695. Table 3 shows the results of the Neptunia strains and their nearest phylogenetic relatives, namely Agrobacterium vitis, Agrobacterium bv. 1 , Agrobacterium rubi and Rhizobium galegae.
3-Ketolactose test
The six strains from Neptunia were negative, as were the four control strains of Agrobacterium bv. 2 tested (LMG 150', LMG 155, LMG 161, LMG 341) . Control Agrobacterium bv. 1 strains LMG 64, LMG 146, LMG 196, LMG 201, LMG 296t2 were positive; Agrobacterium bv. 1 strain LMG 26 and Agrobacterium sp. strain LMG 294 were negative.
DISCUSSION
We isolated six new strains from naturally occurring nodules of Neptunia natans plants in Senegal. These strains grew rapidly on YMA, produced exopolysaccharides and exhibited a particular spectrum of carbon source utilization. We employed a polyphasic approach to the taxonomic characterization of this new group of tropical rhizobia, using techniques with wide discriminative powers (1 6 s rRNA gene sequencing and auxanography) and others at the species and infra-species levels (DNA-DNA hybridization, SDS-PAGE, PCR-RFLP of the ITS). Two screening methods, SDS-PAGE protein profile analysis and numerical analysis of auxanographic data, indicated that these isolates constitute a homogeneous phenon, distinct from a wide range of rhizobia, agrobacteria and other related bacteria (Figs 1 and 4) . These results suggested that this group constituted a separate species, which we further characterized using genotypic techniques with diverse taxonomic discriminative powers.
PCR-RFLP analysis of the ITS of 16s-23s genes demonstrated that the new Neptunia isolates constitute a homogeneous genotypic group (Fig. 2) , and this was further supported by the high level of DNA-DNA binding (89 %) found between two representative strains. Our RFLP analysis of the 16s-23s ITS confirmed that the new group is also genotypically distinct from representatives of all known species of the Rhizobium-Agrobacteriunz group (Fig. 2) . To determine precisely the phylogenetic position of the Nepturzia natans isolates, the 16s rRNA gene sequence of a representative strain (LMG 11875) was determined. Phylogenetic analysis revealed that this strain is related to the Agrobacterium lineage that contains P. de Lajudie and others Results from this work, de Lajudie et al. (1994, 1998) , Nour et al. (1994 Nour et al. ( , 1995 and Chen et al. (1991 Chen et al. ( , 1995 Stackebrandt & Goebel (1994) , no additional DNA-DNA hybridizations were performed. The results of all the techniques used converge to the conclusion that the new isolates from N . natans nodules iorm a homogeneous group that can be phenotypically and genotypically distinguished from other described species of rhizobia and agrobacteria. It is clear-that this taxon represents at least a new species. The genus allocation of this group is less clear-cut and several possibilities are apparent : (i) The new group could be described as a new Rhizobiurii species, because it lives in a nitrogen-fixing symbiosis with leguminous plants and is phylogenetically related to Rhizobium galegae (Fig. 3, sequence similarity 95.1 YO). However, it is clear that both the new group and Rhizobium galegae are phylogenctically distinct from the lineage that contains the type species of the genus Rhizobium, Rhizobium leguminosarum, and therefore represents the true genus RIiizohiuin (Fig. 3, (ii) The new group could be described as a new Agrobacterium species, because phylogenetically it belongs to the bv. 1 Agrobacterium lineage, which contains the type strain of the type species of the genus Agrobacterium. However, it is generally recognized that the species delineation in this genus is unclear and needs revision. Although the new group is clearly distinct from all other Agrobacterium species in the bv. 1 lineage (Fig. 3) , the peripheral position of Agrobacterium vitis in this lineage and the presence of Rhizobium galegae, together with the low bootstrap values (Fig. 3) , indicate that this lineage may represent several genera, and it therefore seems unwise to create a new Agrobacterium species in this group. In addition to these phylogenetic considerations, the inclusion of a non-tumorigenic species in the genus Agrobacterium would undoubtedly raise opposition from phytopathologists and lead to considerable practical problems.
(iii) The new group could be described as a new genus of nitrogen-fixing legume symbionts. It is most closely related to Rhizobium galegae and Agrobacterium vitis, but the 16s rRNA gene sequence similarity levels (approx. 95-5-96 Yo) and the low bootstrap values (Fig. 3) suggest that none of these relationships is particularly significant at present. In view of the data (Table 3) . In recent years, polyphasic research into the genus Rhizobium has resulted in its gradual subdivision, with the proposal of Bradvrhizobium (Jordan, 1982) , Sinorhizohium (Chen et al., 1988) and, more recently, Mesorlzizobium (Jarvis et ul., 1997) . The proposal of Allorlzizobium is a further step in this process. From the phylogenetic data ( Fig. 3) , it is evident that the taxonomic position of Rlzizobiunz galegae and Agrohncterium vitis should be revised because these species are distinct from the phylogenetic groups containing the type strain of their genus. However, our study mainly concerned the new Neptunia isolates and therefore we refrain from making any formal proposals for these other taxa just yet. The taxonomic revision of Rhizobium galegae and Agrobacterium vitis is a complex issue, linked with the revision of the genus Agrohacterium, and can only be attempted after extensive study of the literature data and international consultation.
Description of Allorhizobium gen. nov.
AIlor/zizobium gen. nov. (Al.lo.rhi.zo'bi.um. Gr. adj. allos other; M.L. neut. n. Rhizobium a bacterial generic name; M.L. neut. n. Allorhizobiunz the other Rhizobium, to refer to the fact that it is phylogenetically separate from other rhizobia). Aerobic, Gram-negative, non-spore-forming rods that are 0.5-0.7 pm wide by 2-4 ym long. Strains grow fast and form colonies of 0-5-3 mm diameter within 1-2 d on yeast mannitol mineral salts agar. Pronounced turbidity develops after 1-2 d in agitated broth media. Chemo-organotrophic, utilizing a wide range of carbohydrates, organic acids and amino acids as sole carbon sources for growth (Table 3) . Discriminative features between Allorhizobium and other related genera and phylogenetic groups are shown in Table 4 . 3-Ketolactose is not produced from lactose. Growth on carbohydrate media is usually accompanied by extracellular polysaccharide production. The organisms are typically able to invade the root hairs of some temperate-zone (Medicago sutiva) and some tropical zone (Neptunia natans, Acacia senegal, Acacia seyal, Acacia tortilis subsp. raddiana, Lotus arabicus, Faidherbia albida) leguminous plants (family Leguminosae) and induce the production of root nodules, Allorhizobium undicola (un.di'c0.h. L. n. unda water; L. suff. cola dweller; L. n. undicolu water-dweller, referring to the isolation of these strains from nodules of the aquatic plant Neptunia natans).
Strains have all the characteristics of the genus Allorhizobium. They grow fast and form colonies of 0.5-3 mm diameter within 1-2 d on YMA. Colonies are round, creamy, convex to drop-like, beigecoloured; margin and surfxe have a smooth aspect. Aerobic, Gram-negative, non-spore-forming rods that are 0.5-0.7 pm wide by 2-4 ym long. Motile in liquid medium. A wide range of carbohydrates, organic acids and amino acids are utilized as sole carbon sources for growth (Table 3) . Discriminating features from related species are given in Table 3 . Strains are 3-ketolactosenegative. Strains can induce nitrogen-fixing nodules on their original host N. natans and can also nodulate Medicngo sativa, Acacia senegal, Acacia seyal, Acaciu tortilis subsp. raddiana, Lotus arabicus and Fuidherhia albida, but nodules do not always fix nitrogen. No strain was found to nodulate Sesbnnia rostrutu, Sesbania pubescens, Sesbania grandiflora, Vigna unguiculuta or Macroptiliunz atropurpureum.
They can be differentiated by SDS-PAGE of their total cellular proteins, and at the molecular level by PCR-RFLP profiles of the ITS and the sequence of their 16s rRNA gene.
The well-studied strain ORS 992T (=LMG 11875), isolated from N . nutans in Senegal, is designated as the type strain and its features are given in Tables 2 and 3 .
The G + C content of ORS 992T is 60.1 mol %. All Allorhizohium undicola strains have been deposited in the Culture Collection of the Laboratorium voor Microbiologie, University of Gent, in the Culture Collection of the Laboratory of Soil Microbiology, ORSTOM, Dakar, Senegal, and in the Culture Collection of LSTM, CIRAD-ORSTOM, Baillarguet, France.
